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[SMI] 



2000.12.25 
MM 

oil Ahs^? , mm % ^164521 ^soii m&^n 
m vmmuo. cHej&i 

(o|) 



20 

5 

1 

11 



EM 
EM 

a* 



29,000 £! 

5,000 £J 

26,000 SI 
461,000 S! 



521,000 ^ 

(70%^ EM) 
174,500 SI 

1. 2°JAi- SAHIAi(ES)_-|g 2.6J^^(SSAI°I 



S! S tH 
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1MHz ~ lOOMHz^l ^^oIji, ^-v)}7\ 0.01mm ~ 2.0mm^ JL^n} ^^^a]-, -tf 

£ 2c 
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jl^ ^c]^-g- ^1^- {HIGH FREQUENCY DITHERING PROBE FOR 

HIGH-SPEED SCANNING PROBE MICROSCOPY} 

£ 1-8: ^2fl3 W^n^-g- ^^l^V^l ^^I3t 

£ 2a^r jl^s}- ^^^l^}^ <^ aH ]^. iL^fe 5^5=0)4. 

£ 2ctt Jl^s}- 7>^c-fl S^^l ^IM «-aV^ ^Al^l- j£ 

51 2e^r % v ^^ JE cm ^HS.^, ^^-g-^o] ^Jf-g-ofl ^jo] Jfaj-^ ^ 
£ 2f^r -g- 5£ ^ <£*}°)}S.*\, &t&6\} i$z)t])v]7} ^-^-^ 
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£ 6a ^ 6b^ ^ofl ^ CD JL 1 ^ ^ , £ 

6a^r feVMCtopography)!- iL^^ , £ 6bir <^1&| ^n^^ iL<^tf. 
£ 7a ^ 7b^ ^ ^} ^-^n]^ zieflol^ 

Af^l jO^a-] ; c 7a -. 7 4 X7.4 um 2 ^ 0.42: #<?H1 €^tb £ 7b^ 

1.8 xi. 8 urn 2 ^ ^-i" 2^ #<?H1 €^ 

£ 8£r £ 2e^1 :£*1€ ^^^l-g-^>l- ^^>^^ol^ o.^. CDS) a^^- 

20:JL^4 ^^*} 2l:#^ 
22:^4) 23:^*M1 
24:^-8- 
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<20> ^-^ o. jt.^ ^A>^-^j ^r.l^ofl A}-g-£]^ &-%o\] ^o. S 

<2i> ^a]^ (scanning probe microscopy : SPM)-^ ffi^*}- fH3-§- 

-H*r ^ S<3 ^^l^i o]^^^ a^o^ ^oja}. 7lEf ^-fr ^ 

SM^t)-. ^"l^ofl-b STMCscanning tunneling microscope), 

•^^>^^ D 1^ (atomic force microscopy : AFM) , ^rA> %^ ^M^(near field . 

scanning optical microscope : NS0M), 74 7] ^ ^ (magnet ic force microscope: MFM) 
# <^ «J-Alo] ojcf. «ati>^<?l ^ g]^ TgAj- nfl^ofl ^fl^ 

tb^l(200 - 300nm)# 7}*}^*)} , 3^ *M|e^zi *M=r. zls^ ^a>^-^ ^d]^-^ % 

^ ^1^1 7M ^ ®±r JL ^n^Sr 7}^ ^ ^*l^-gr 

^ D ]^ol4. ^A>%^ ^Pl^-g- ^*]-g- nflo. ^ (ZL «^ ^ 

3^1) Tfl (dithering) ^JL, ZL ^^9] 3.7}%: ^m*<LS.*\ &%o] X\g_o\] JjLtj 

5U* *H^=r ^£ <^tr ^# 7Mcf7> ZL 7^7} 7}7}$\x]t&*\ #7] ^ ^ 

*]#^ ^711 #7] nfl^ojl o] «-^) 

7l *H 7^!- S^^^.^ tij^^Al ^Aft^j ^nlTj^- ^*}^ ^Jojcf. 
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<22> o} 7 H %%1o] A)g.9± «KK°^. ^ ^r-£ ^ H oH^S 

^■g-SKE-^ § Bfl3gSJ= (tapping mode) 5Ett ^5.:= 

(jumping mode)e}-Jl ^JL, ^-f* (shear force mode)5rJl 

<23> t^H xri^)^^ « o v^ ^ 7 ^ 7 > $irf. ofl^. <y-^i #^ ^ -g- 

*H ^ = ^ «o v ^£ T^^*r^ ^3E£l( tuning fork)# ^H*-*^ ^ 

°l-^tr.(K. Karrai et . al. Appl . Phys. Lett. 66, 1842 (1995).) ^Sa.(10)^, £ 
H 5*1 € ^-o], zjjz. q-^.^. ^ 7 fl^ 7^t 7>^1 5L<#°.J^ °]^-<H*} o^^c-i) tr 

^ 7}*H1 ^-frS. ^(13)* ^}7}7\ -g-o]^ ^-^^*>7ll ul ^ 

#^(11H1 ^ ^*Hr3 7>5>^ f^IH2] ^ 7} 

(12H -R-HSH i-hSr^r. fj^iHS] & 7}*H ^o)ji 7}*}t& & 

*3JE 4^ ^-^ol jl, iJ-^oj A)s.d\] 7>7 r 3*l 1 3 (shear force) ^ 

^l^o] ^132] 7}*1<S] ^£ ^1 #^Ai Cf^ ^o]] -fKE^TT ^- 

7)1 ^4. ^ -fK£€ ^#£r ^3 Sl^r ^SKr 

%^$\ ^ 9X^ ^°ll=f. ^S=l*r ^^Al7l^ 3^ C> 

fJ-^s] ^^.^ «i3^lJE ^ ^ Til 

<24> Wl^#^] ^A}bJ-*1 ^Ul^^ ^SaL!- Aj-g-*>0^ ^-^1 o. A^Sf ^ * 0 >^0_5- 

^1-^Al 71J1 ZL *1^£1 ^Sfl- #^^-0.5.^ ^-^4 7lB^# ^ 

^Kr ^-i- A>-§-*Vcf. ^A}^ ^*1^ ^1 — ^ A-| Al 

5.!- ^ Xl^ ^-^^ ^^l^Jr, t> °1 <2M1 ^^fe ^^-01 h^- ^. 
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sfi zJbM (ot - «. #0. ^fj}^ ^o] «. 7 ].^^cf. =L 

°l-fi-Tr ^2.3.3. ^(scanning) ^JE7> i^7l nfl-g-olcf. 

^S.3.^r 3- JI-Pr^^ ^ ^ ^ kHz oil ccf^i 

^sf^As ^o]c £e ] Zlj ^j^^ o.s. ^3 

<25> £ ^o. ^a>^-^ ^nl^ofl Af-g-Sj^ #^*H Sl^H, ^l^^^Sl ^£1- 

7fl^^H *1# ^o)l ^lSt ^1 £3j-*Rr #*f)S] 71-^Tfl SH^t-fl 

^. ^°1 &l=r. 

<26> att, ^J^tl «1^#^ ^ D l^°m- 

^ ^ *l"8-] 

<27> j7 o-^l^-^7> 1MHz ~ lOOMHz^l ^j^H^l, Sf-v\]7\ 0.01mm - 2.0mm^ ^31 

<28> ^^^Kr tf<#*V ^Efl* 7>^ ^ 91<L^, ^ ^71 

<^ ^-^]7> 0.01mm ~ 2.0mm^l ^^°H ^ mm 2 °] ^^>^(-E£fe q^iEL 

El 5)1 Bl( cant il ever )M- ^^*>7l7> nfl-f -g-©ls}-tf. 
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MHz<HH ^ MHz<^l ^sj-JE-S ^2fl^ ^-^3.3.^1 «>-§- ^£7} 100«fl o]># fa}- 

tcj-e^ olDl^l- g^-fl ^&|^ A^V-g- 1/lOOsL ^ fli}. 

<so> *]-f-*Rr ^^l^Hl Av}^}^ *ti 

^J£;£ t^cf. ^r^-g^}^ «>^H( response time)7> ^Af ^ 

<31> ^7,}$H O]^^ 0. S t=\/3Q// 0 o_^ ^c^^^^l ^ 

quality factor f 0 ^ jL-ft- ^^r^Hr 0 ]*}. Q# VH^M" f 0 !- ^ 

<32> ^Aj-«§^ ^ul^ofl &o^^. ^ ^(dithering probe )^ «>-§- % 

31- <H Si feedback)* sfl^fe #7133.^ #£7]- ^ *}JL, 

°}-=rZ\ PZT ^*1*1H^1^ ^£5. ^°r°> tr^f. 

<33> £}T*<y 2)^0] 3.3°] (lock-in amplifier)^ a]^ -y-^ofl o]«fl 

3*fl*l*r ^7} g^Efl , ZL ol o.^ ^o] ^#71^ ^71 

<34> ^-^i^Sl ^ ^l^ofl al^s>^C-11, td^ ^ ^o)^ ^o. 
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^ °X7) nfl^-ofl <y«V3 o.S. ^ ^ mV ^5.3. £3*1 

*>-§-^k ^ AlS^ ^7l^ #-g-ofl ^ ^ a]e)7l t^^-ofl ^.^o] 

°H sl^ir tt^f. °1 DC#^£] A}jr cfl ^--g-u] (signal to noise ratio)* 

<35> ol ^.g. «fl^^ ^ o}^ ^ o. ^*V^ol ^l^-o. xj-o.^ #713^ 

3.71 ufl^-of] ^-Cfl^o.^ aJ-e>H, S^o] A>-g-^l &o};£ ^ 



<37> ZI^S]- ^3 €*r^l3°fl -§-g-* r 7l ^*H>H^ %^4r 4^^1^H1 ^fr} 
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*1 ^r^^M" $.*f| guY o}^^ t ^^o) a)s.6\] 7 \7?\o} z}- 

2f ^ I^H^r ^Jl, 

<38> ojsj-cHl^^ ^"2:^ *^-§- 

<39> £ 2a^=r Jl^3)- ^^^l-§-^>l- ^S^i , 4^ ^« AT-cut 

^r^S. &^<LS. £M SX^-. i^^f ^ ^*>(20)^ ^ €^"(21) 

^^-o] &^tfl, o] <*HH ^S-ofl ^-£5)^ #<y-g; 

^ ^£ £U, 7>«||>H ^ ^^ofl ^-|- o. £ ^- ^ clef. 

AT-CUt 4^ ^^Rr -tf£r°lH £:5L«\} ^^7> £L^1 &o]-^ ^ 

0.85 mm°ll sfl^W. 

<40> £ 2bxr £ 2a^ ^r^^l^^ ^cj^^- 14 e}^ ^.o^L, ^S]-^ «J-ej-g- 
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^43 4^4 4^ 7}^} ^o) 7 }# EL^\. ^4^4^ 

4£3H 344^4 7}# ^(sensitivity)* ^ $14. 

<4i> £ 2c^ -¥-44 =t44^4-I- J&<^4. 4£« =L7fl <5>7l flsH ^4^ 

4(20)^ ^©j-ofl E^( 2 2)-g- l-ol ^ -g- ^ $14. o]nfl ^ji). ^av^ 

o] nfl-f ^jl*V ^^7> 5^1, ^ofl/^ ^^Mll- 4-§-*M ^^l^sf & 

^s] 4^*1 434. 4^4^ 23^- 3 4-^3* 44vH4. 

<42> 3K^«- eflol^s 7>1*V ^, ^-frs} <# #1- 444714 7>£3l «-^-oi yH^xi 

13 *fl-°- 7 r M-<H4>fl =}t}-. #^0.5. 4-g-$£- -M^HHl^i^ °14 ^ ti}^ Sojo) ^ 

t^ilS- 4-§-4£Ml, o] s-l *V ti}^ S.<£^ ^-^^r ^3. ^4 444*1^ 

(Near field scanning optical microscope)^! 4-§-44. 444 

^4^Kr ^4 #^43*115. #-g-€ ^ $14. 

<43> £ 2d^ £E 4€- ^Hl^.4, ^4^4(20)^ ^ vfl 

jl ti>^ s-ojo] ^ o.(24)l- ^"71 ^^ofl ^ ^^|^><4 ^-fr4 «a^l7> 

4534. °1 e-i 4 <y*ii^ ^-^^1^4^ 4 ^-Pr^ ^§-g- sa^47fl 4^ ifr^-a- 

^*14 ^, 4^4 ^ *1) ntfls ^£1^44 ^l-g-iLS.*! ^44. 

°H ^4 ^7l7> 44^71] 34 ^34^44 Ji-f}- 4^ SJ<H*H2J44 Q &4 

37(1 ^ oicf. ^44 37l ^ ^j-froj *fl^( jacket )£- 3*4 #zfl^ 

(cladding)^ 3i^ii4 44 €- €4. ^HH4 4-§-4 ^S-fH*) #sfl^ a] 

33^8: 125m°] JL, ^r^4-S-4^ ^4 150^1 £4- ^4 4°H1 4 

44 fl-o] oi^ c1 ] i oi -i-o]i ^sj-afl^. ^s}^, =l i-o] ofl4444 ^4-^44 

4^1 44 ^ 4^4^ 7>^4t1I 44. 
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< 44 > £ 2e^r SE ^Aj^l^A^ , ^ *K20)^ ^Jf£-of| (22)-g- 

£ SUJl, ^ &cf. ^Sf ^-f-^o] ^-^4 ^ £ 

^.(tapping mode) ^M^l ^cf. 

^a* ^ Si °1 si -& ^ #7] 31 °1 !- 3]b^H ^Hfls *)zJ-*H 

^51 oH, ^eflwl^ ^o], ^711, zielJi ^^1^ ^^.Al^jo.^ ^ • 

<46> £ 2g^ 5£ ^aH]^.^, ^^^1^^(20)^ #^-ofl 3lEl3}tf|7> ^ 

^ ^^JL ^ *\ m^t-m* -f^M^ ^SflB^ ^ 

<47> £ 3a ^ 3b^r £ JL^sf ^> #^*H^o)l 3 -§-*!; 
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<48> £ 3a-& £ 2c°fl o]-g-*V -E"^ ^} J±o}^cf. 

^^^1^(20)^1 3*MI(23)1- AV-g-SH ^U(22)-§- >*fl£M 1-olJl, # 

(30)°. 3. ^ Ei tfo] ^1^(32)*- -f-*M #<^1 ^^H ^^l5L^- tt^. 

^-^^S^-Ei «i^#e]Ei(beam spl itter)(3lHH ##*l-?-(34)3. 

^-¥-1- n ^^(polishing)^ ^ ^4^1 ^ *r St^. ie t} 

# u o^-^3L ^ ^ (^11- Indium Tin Oxide)^: ^>-g-*H ^M-ElS-^ ^ 

<49> £ 3b^ 5. 2d^l *V o]-g-*]- ^A> ^^l^-g; H^^cf. 

^^1^>^ ^°<H1 H<>H ^-^(24)1- OL °H 77\<% ^JL 

**iH 7]J1 ^-Cl-S-Ol^ ^Ojc}. ^(30)^-^E-l ^-B-^l ^ *o] 

HiL&iL^, ^£1^ ?l#ei(33)^- -f-sfl ^-^M J ¥-(34)S ^ 

W #^-(21aH ^^tH^lUO)^-^ ^g^*}^ ji o-*l-g^ofl Sfl^Rr AC 
(v 0 )^- 7>*>^ ( ^^^^7]- ^1^§>J1 tr}-^ ^^^l^H -^=1 (22)51 
cf. ej-^o] Al 5.(45) ^l^^l-^^ ^S)-s>7fl ^ofl nj-e). zi ^J^ofl £|^r 
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-fi-S. #<y-(v)°l ^ #^-(21bHl ^MM^. °1 ^(v)^ c|-o1^c(4i)^. ?^ 

^l^^l «1 DC ^lJL(a)* <2JI, ^- 7l^^<a-^-^-(42)^ 7l^^«a- 

(a 0 )^ *H wl^l*V^ ^^-71(43)^1^ #°*M: (°lf PI S^J^H^ tHl.) 

H^^-S. ^#(V pzt H7H pZT3*l^H7](46)ofl -?-JEL7> 

<51> S. 5^ Jl^sj- ^l^-ofl 7f^ol 7>^^T nfl eJ- 

^ Si *1 C J , 40 nm °lifl3. 7}77}$\*}r£ &s.o) Tfl 7^&v} 

30 nm^ *J^HH Q^ES. 7] ^ 2:^ ^5.^ o_£-g- ^ 

*1 ^ -B-S A^Sf b^o] 7^511- «§f 

^ £ 4ofl 2]Sf A^S] 7^511- <H3}sMl 

<52> £ 6a ^ 6b^r ^°<H1 ^ ^1^7>(5L 2c)t ^-g-^ ^*}- 

^^ol^-i- °l-g-*M ^lS. S^-§- ^#tr ^I^r* S.^ ^ 91^. 5- 6a^ ^•^•oH- 14 
E^jl &°.^ ( £ 6b^ error signal^- iL<^^3. &t}. CD(Compact Disk)* 

-g-*}-£:n. ^a>*V 55^ 2 ; €^1 7HE)^ 0.5 mm^l^^. <>1 <>H*1# <2^H1 

^m^r 0.4^^1 ^-^o^cq. o] ^ o. l.2mm/s^l ^r, #2flS] 

f^IHf A>-g-*> ^ 0.^.4 io«fl lOO^ofl *g=#.g. ji^cf. £ 6a ^ 
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<53> £ 7a ^ 7b^ ^-fr ^-fHI- ^-f-^^^i ^€ ^^l-S^K^ 2d)# ^>-§- 

^-tj-^nl^ HEflo]^ (grating)^ f^tb ^J°]4. £ 7a ^ 

sflo]^^ 7.4 p 2oj Tg^-g- 0.42: -g-«LV°fl ^o]j7 ; £ 7b ^ wfl-§r-8r ^<*H , 

1.8 >4.8 ^m 2 5] 22. ^*H1 #<3^r ^^.S ^ *fl-8\E# J±<^JL 

<54> 5_ S-Sr ^ ^^.i^^l ^^^1^^(5L 2e)» 

^131*1^ o.s. CDS] €^t!r <3Hi=K 8 >6 /oi 2 ^ 305: ^§-°Hl €<^}Sii=K 

<55> 5L 6a ^ £ 8^ ^^l^Hl #^3°1 
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517} -SH ^^1^ #2HHr *}3.& #£*Hr %-£r ^r?}^^ . £ ^°\] 

^ ^ 4^^> ^5L^1, ^si-f-*] ^3 -§--§- ^Hl 

<57> Ja*), o^, ^i^V-^ t°H1 5£<>H ^r^°fl^ ^ nmS] 371 » 7}*)^ *}o] 

^ ^#*l-7l ofl nfl-f ^ 37lol^ ; 7l^^ ^A> AFM°1 M" e^^h 

*H 4-5-3 DNA3 ^-^ -f- ^-^^tP «-g-°l 7ltfl^cf. 

<58> 1-^3 7fl^^ €■ ^JI Sl^M", 37l^ ^2)- 
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1] 

1MHz - lOOMHz^ ^^lJl, 0.01mm - 2.0mm^ Jl 

2] 

4] 
5] 

sa°H, ^-71 ^-^3-^ ^ ^i^hi ^igoji ^3. «. 
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6] 

£^ *H5* 0 H1 91°]*] , <$7) b^o. ^0.0] ^o. m^io^ ^ -a}. 

[^t 1 ^- 7] 

$3lt *ll5^Hl &<H>H , <%7] ^Aj-^-^l ^n)^^ ^^>^^Dl^(AFM) 

8] 

9] 

10] 

1 3^ 11] 
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[£ 1] 
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[S. 3a] 
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IS. 4] 
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[-E 6a] 
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[S. 7b] 
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